The aim of this work was to determine the composition of the hydro-distilled essential oil of Salvia judaica Boiss. and S. multicaulis Vahl. (Lamiaceae) from Jordan by GC and GC-MS and to report the actual composition of their fresh leaves and flowers using SPME (Solid Phase Micro-Extraction).Their dual alphaamylase/alpha glucosidase and pancreatic lipase inhibitory activities as well as their anti-proliferative potential were screened. The aroma profile of the leaves, flowers, and flowers at pre-flowering stages of S. judaica, obtained through SPME was composed of sesquiterpene hydrocarbons (87.7 %, 71.8 %, and 86.2 %, respectively) while the hydro-distilled oil of the dry leaves was rich in oxygenated sesquiterpenes (50.8%). Fresh leaves of S. multicaulis were rich in oxygenated monoterpenes (58.1%), while monoterpene hydrocarbons dominated the blooming flowers (57.2%) and the flowers at the pre-flowering stage (64.7%). The hydro-distilled oil of the dry leaves was rich in oxygenated monoterpenes (77.6%). With doxorubicin as a positive control, no anti-proliferative activity was observed against colorectal cancer cell lines HT29, HCT116, and SW620 using SRB assay for either Salvia spp. In vitro enzymatic starch digestion was evaluated with Acarbose (IC 50 : 0.2± 0.0 µg /mL) as the reference drug. The respective IC 50 (mg/mL) values of S. judaica and S. multicaulis aqueous extracts were 4.9 ± 0.4 and 10.3 ± 0.9. Modulation of pancreatic lipase activity (PL) was determined by colorimetry and compared with Orlistat (IC 50 : 0.11 ± 0.0 μg/mL). PL-IC 50 values (μg/mL) obtained for S. judaica and S. multicaulis were 108.5±6.4 and 31.8 ± 0.8, respectively.
Salvia judaica and S. multicaulis are found in the flora of Jordan as rare aromatic plants among the reported twenty-three Salvia species of Jordan [1] . In Jordanian traditional medicine Salvia species are used in the treatment of multiple ailments [2] [3] . Several reports deal with the anti-diabetic, anti-inflammatory, anti-microbial, antioxidant and cytotoxic activities of Salvia species [4a-4c] . S. judaica and S. multicaulis are perennial herbs widely distributed in the Mediterranean countries [5] . The latter species is regarded as a cooking substitute for common sage due to the similarities of its leaves to those of common sage [6] .
In continuation of our interest in the Salvia species that grow wild in Jordan, the present study was designed to determine the volatile oil composition and biological activities of S. judaica and S. multicaulis. To the best of our knowledge, the volatile oil composition of these two selected Salvia species from Jordan has not been studied. Our findings are expected to contribute to the very frequently observed phenomenon of other Salvia species, namely the effect of climatic and genetic factors on the volatile oil composition.
It is well accepted and reported that plants belonging to the genus Salvia exhibit high diversity in the composition of their volatile oils, as well as in their multiple pharmacological effects. Moreover, variations due to chemotypes and genotypes, and the methods of extraction, may affect the actual composition of the oils in the fresh plants from different geographic locations. Accordingly, in this study, in addition to the hydro-distillation of the dried leaves, a SPME based extraction -omitting drying and hydro-distillationwas applied to report the actual composition of the volatile compounds in the fresh leaves and flowers. Table 1 shows the retention indices (RIs) and percentages of the detected compounds in both Salvia species. Retention indices of the sample components were calculated on the basis of a series of homologous C 8 -C 20 nalkane hydrocarbons analyzed separately by GC/MS under the same chromatographic conditions using the same DB-5 column. The identification of separated volatile components was achieved by matching their recorded mass spectra with the built-in library spectra (NIST Co., Gaithhersburg, MD, and Wiley Co., Hoboken, NJ) and by comparing their calculated retention indices with the literature values [7] . The identities of several compounds detected were further confirmed by chromatography of authentic standards under the same GC/MS conditions. The volatiles emitted from the fresh leaves, fully expanded flowers, and the flowers at the pre-flowering stage of S. judaica,-determined by SPME, resulted in the identification of thirty-four, forty-nine, and thirty-four compounds, amounting to 99.8% , 99.9% and 95.3%, respectively. The emitted vapor of S. judaica, adsorbed by SPME fiber, was characterized by the occurrence of sesquiterpene hydrocarbons (leaves 87.7%, fully grown flowers 71.8%, and flowers at the pre-flowering stage 86.2%). α-Copaene, caryophyllene, germacrene D, and δ-cadinene were the major components of the leaves, fully grown flowers and flowers at SJ 1: S. judaica, dry leaf hydro-distilled; SJ 2: S. judaica, fresh leaf SPME; SM 1: S. multicaulis dry leaf hydro-distilled; SM 2: S. multicaulis, fresh leaf SPME; SJ 3: S. judaica pre-flowering SPME; SJ 4: S. judaica, flowering SPME; SM 3: S. multicaulis, pre-flowering SPME; SM 4: S. multicaulis, flowering SPME the pre-flowering stage. In the hydro-distilled oil, -bisobolol, detected as the major component, accounted for 50.8% of the sesquiterpene fraction (94.2%), indicating the effect of drying and heat exposure on the oxidation process (Table 1 ). This particular species is one of the least studied Salvia species. A comprehensive literature review revealed that the volatile oil composition of S. judaica was reported only by Hungarian researchers who found similarities between the volatile constituents of this species and S. officinalis with α-humulene, β-pinene, eucalyptol, and camphor, as the major components of the volatile fraction [8] . The analysis of fresh S. multicaulis, using SPME, ended by the identification of forty-four (leaves), thirty-five (pre-flowering) and thirty-one (flowering) constituents amounting to 98.9%, 98.3% and 94.9%, respectively. While the flowers at pre-flowering and flowering stages mainly contained monoterpene hydrocarbons, the aroma profile of the fresh leaves was rich in oxygenated monoterpenes. The prevalence of oxygenated monoterpenes was higher in the hydro-distilled oil of the dried leaves, totaling 77.6% of the composition (Table 1) . Few reported studies on the oil composition of S. multicaulis exhibited variations, even within the same country [9, 10a-c] . Similar to the findings of the researchers from Turkey [11] our findings using SPME and fresh leaves is clearly in favor of the monoterpenoids emitted from S. multicaulis and increased further in the hydro-distilled oil ( Table 1) .
Potential anti-obesity pharmacotherapeutics have been intensely scrutinized as obesity is reaching alarming epidemic proportions globally [12] . In this current study, the marked concentrationdependent PL inhibitory profiles of the aqueous extracts (AEs) of leaves of S. judaica and S. multicaulis are shown in Figure 1 .
PL-IC 50 values obtained for S. judaica and S. multicaulis tested extracts within a minimum of triple independent determinations are also listed ( Table 2) . With acarbose (0.1 mg/mL) as the reference drug, glucose liberation from starch was inhibited by 97.6%, which is highly significant (p<0.001, vs. drug-free control incubations, n = 3, Figs. 2A-B ). Furthermore, Figures 2A and 2B demonstrate that S. judaica and S. multicaulis leaves' AE concentrations 0.1-10 mg/mL produced highly significant dose-related reductions in aldohexose release from culinary polymeric cornstarch (p<0.001 vs. plant-free control determinations, n = 3). The IC 50 (mg/mL) values of the highly significant dose related decreases in enzymatic starch hydrolysis by S. judaica and S. multicaulis AEs are summarized in Table 2 .
Plant-based inhibitors of hydrolyzing enzymes in carbohydrates and lipids digestion and absorption can offer an attractive combinatorial therapeutic strategy for the management of postprandial Results are mean ± SEM (n = 3 independent replicates).
dysglycemia and dyslipidemia via inhibition of digestive enzymes, namely pancreatic α-amylase, intestinal α-glucosidase, and pancreatic lipase PL [13] . This is the first report on S. judaica and S. multicaulis inhibitory capacities of starch hydrolases and intestinal lipase. Table 3 illustrates the lack of both Salvia spp. (25 μg/mL) on anti-proliferative efficacies in any of the colorectal carcinoma panel incubations, despite their notable activity at a concentration of 200 μg/mL. Doxorubicin respective IC 50 (μg/mL) values for the tested cell lines were 0.1 ± 0.0 (HT29); 0.1 ± 0.0 (HCT116), and 0.7 ± 0.0 (SW620). Results, representing % inhibition of cell proliferation in comparison with non-induced basal 72 h incubations, are mean ± SEM (n = 4 independent replicates).
In conclusion, a comparison of volatile oils compositions is a delicate issue since great variations with regard to the major compounds should be expected, which in turn can influence the pharmacological efficacies of the plant species. Flavonoid and polyphenol-rich Salvia spp. may be advocated as anti-diabetic phytochemical agents via modulating digestive enzymes. 
Hydro-distillation and solid phase micro-extraction (SPME) of the volatile constituents from S. judaica and S. multicaulis and their GC-MS analysis:
Both experiments were performed under the same conditions as described by Afifi et al. [14] . The extractions and analytical experiments were repeated twice.
Spectrophotometric quantification of pancreatic lipase (PL) activity and assaying PL inhibition of test extracts:
The reference drug orlistat (in DMSO; 1 mg/mL), and a gradient of the AEs,evaporated to dryness under vacuum at 40 o C using a rotary evaporator-, were prepared and tested for in vitro enzymatic PL activity described elsewhere [15] . Subsequent determinations were made for the AEs in comparison with control evaluations to calculate the concentration required for a PL 50% inhibition (IC 50 ).
In vitro enzymatic starch digestion assay:
The extent of the polysaccharide breakdown into glucose was evaluated in a concentration range of either plant AEs or acarbose at 1000 μg/ mL concentration, in triplicate, as described [15] .
In vitro antiproliferative assay: Cytotoxicity measurements in colorectal cell lines HT29, HCT116 and SW620 were determined using the Sulforhodamine B (SRB) colorimetric assay [15] . Doxorubicin IC 50 values, were calculated within the treatment concentration range 0.1-50 μg/mL.
Statistical analysis:
The values are presented as mean ± S.E.M. Values were considered significantly different if P<0.05 and highly significantly different if P<0.01 and P<0.001 using t-test (version 3.02 for Windows; GraphPad Software, San Diego, CA, USA). 
